In four-sided CAVE-like VR systems, the absence of the rear wall has been shown to decrease the level of immersion and can introduce breaks in presence. With this experiment we analyse how user attention is diverted while physically walking in a virtual environment, when audio and/or visual attractors are present. Key features of the experiment are the fact that auditory feedback was delivered through binaural audio rendering dependent on the user's head position and orientation and that the four-sided CAVE used for the experiment allowed users to walk up to 9m in straight line.
INTRODUCTION
In this work, we investigate the usage of virtual attractors in order to capture users' attention away from the missing wall.While studies in auditory perception and cognition have demonstrated the importance of sound to capture users' attention in real environments [3, 6] there is still a lack of research in Virtual Environments. An exception to this lack of studies in audio-visual attractors in VE is the work presented in [4, 5] , where reorientation techniques based on the concept of visual and auditory distractors were proposed. Results showed that an audio distractor did not produce as high a feeling of presence as a natural audio-visual distractor. However, it produced an higher feeling of presence than an unnatural distractor without audio.
To investigate whether the use of auditory and visual attractors captures users' attention, we combined several audio and visual attractors and analysed the user behaviour in several conditions. The results showed that the user behaviour while physically walking can be modified by the addition of audio-visual attractors inside the virtual environment.
EXPERIMENT
The experiment was conducted in a wide four-sided Virtual Environment which enabled users to physically walk along a path of 9 meters. Two groups of attractors were considered: "good" and "bad" attractors. "Good" attractors are virtual objects placed in the projected space opposite to the missing wall: these can be either visual, audio-visual, or auditory stimuli. "Bad" attractors are those placed outside the CAVE, by the missing wall side; these kind of attractors can only be auditory. In order to have the same configuration on both the directions of walking, "good" and "bad" attractors were placed in a symmetrical configuration with respect to the longitudinal axis of the CAVE (coincident with the path to be walked by users).
Apparatus and Participants
The CAVE itself is a 4-sides visualization display equipped with retro-projected glass screens. Main screen: 9, 6m 3, 1m (12,5 Mpixels); lateral screens : 3m 3, 1m (3,8M pixels); horizontal acrylic ground: 9, 6m 2, 9m (3,6 Mpixels).
Thirteen subjects participated in the experiment (4 Female, 9 Male). Aged between 21 and 59 (x = 31.3; σ = 9.7). Each participant was able to finish the experiment in less than 45 minutes.
Visual rendering The environment developed was a natural VE without salient virtual objects (e.g. tree, rocks), in order to limit features which might have driven the attention of the user. The path the users had to follow was encoded in the ground texture (gravel trail). A virtual fence was introduced in order to avoid the user to run through the walls of the CAVE and also to provide additional cues regarding the task. See Fig. 1 .
Auditory rendering Binaural audio rendering was performed in real-time sending coordinates of the sounding objects from Unity3D to MaxMSP 6 and encoding sound sources via the High Order Ambisonic Library 1.2 released from CICM -Maison des Sciences de l'Homme Paris Nord [2] . This library virtualizes ambisonic soundfield using HRTF extracted from the CIPIC HRTF database [1] . Audio rendering was delivered using Sennheiser HD600 full-sized circumaural open-air headphones and a wearable radio receiver.
Design and Hypotheses
In this study, we are considering the Stimuli (Baseline, Auditory, Visual and Auditory), the Position of the stimuli (inside/outside the CAVE) and the Relationship between the stimuli and the user (fixed position, or following the user). For practical reasons we IEEE Virtual Reality 2014 29 March -2 April, Minneapolis, Minnesota, USA 978-1-4799-2871-2/14/$31.00 ©2014 IEEE constrained the experiment considering 4 levels of Stimuli: Baseline (no attractors), Audio Inside (AI), Audio Outside (AO), Audio + Visual (AV); 4 levels of Relationship between the stimuli and the user: two fixed attractors (Goose and Crow) and two moving attractors (Mosquito and Snake); and furthermore, we considered the two Directions of the walk as an additional factor. This lead us to 32 combinations. To decrease the data variability we considered 3 repetitions for each combination, leading to a total of 96 trials presented in random order. In addition we included 4 training trials (with no attractors).
For the analysis, only orientation data recordings inside the Attractor Zone area are considered.
The hypotheses considered in the design of the experiment were:
H1 The mean users' orientation for the "Baseline" condition will be zero. H2 Users will be more attracted towards the attractor when the attractor is visible and audible. H3 The mean head orientation will be higher when the attractors are inside the CAVE. H4 The mean head orientation will not be dependent on the Direction. H5 The mean head orientation will be higher for moving attractors (Mosquito, Snake). At the end of the experiment participants had to fill a 7-Likert scale questionnaire to gather subjective information about the attractiveness of each attractor.
Results
The analysis of the mean speed did not showed any significant differences among the different factors. In average the mean user speed was of 0.95m/s 2 with a σ = 0.16m/s 2 .
In order to analyze the head orientation data, we computed the mean orientation for each trial. As a convention, if the orientation is positive, the user is looking towards the inside of the CAVE. A value of 0 is that the head orientation is parallel to the main screen.
We first checked the validity of H1. For this purpose we performed a t-test checking whether the mean head orientation for the trials in which no attractor was present was equal to zero. The t-test rejected the NULL hypothesis (p = 0.001), thus we have to reject H1. The mean head orientation is different than zero. Participants were attracted to the main wall of the CAVE although any attractor was active.
We conducted an analysis of variance (ANOVA) to analyze the effect of Condition and Direction in the mean head orientation. For the post-hoc tests we used the Bonferroni method with an (α = 95%), only significant pairwise comparisons are discussed (all p < 0.05). The Anderson-Darling normality test showed that the data was normally distributed (p < 0.001). The two-way ANOVA of the mean orientation of the user versus the Condition and Direction showed two main effects: (1) there is a significant difference among Conditions (F(3, 36) = 154.75; p < 0.001) and (2) there is a significant difference among Directions (F(1, 12) = 97.30; p < 0.001). Post-hoc tests showed that among the different Condition the AV condition was the one driving more the users' attention (thus accepting H2) followed by the AI condition. The AO and the Baseline conditions were the conditions driving less the users' attention (there is no significant difference among them), thus accepting H3. Post-hoc tests among the two levels of Direction showed a significant mean difference among the two levels, R2L (x = 20.887; σ = 21.931) and L2R (x = 11.070; σ = 21.730). Users performing the task walking from the right side of the CAVE towards the left side, showed a higher mean head orientation, thus rejecting H4.
In order to analyze the effect of the attractors (Bird, Goose, Mosquito and Snake), we performed a second analysis removing all the trials for the Baseline condition. The two-way ANOVA of the mean orientation versus Condition and Attractor showed two main effects: (1) a significant effect on Condition (F(2, 24) = 128.66; p < 0.001) which is consistent with the previous analysis (same pairwise differences) and (2) a the significant effect on Attractor (F(3, 36) = 3.39; p < 0.05). Post-hoc pairwise tests for the four levels of Attractor showed only a significant pairwise difference between the mosquito (x = 22.88; σ = 28.37) and the crow (x = 17.60; σ = 19.82) attractors.
Questionnaires
A post-experimental questionnaire was given to the subjects, asking the degree to which they noticed the role of animal sounds to capture attention in all three conditions .
A two-way ANOVA of attractiveness vs Condition and Attractor, showed two main effects on Condition (F(2, 24) = 14.51; p < 0.001) and Attractor (F(3, 36) = 6.07; p < 0.001). In addition, it also showed an interaction effect between both factors (F(6, 72) = 2.89; p < 0.05). Post-hoc analysis showed that attractors combining sound and visual feedback had a level of attractiveness significantly higher (p < 0.05). Also, regarding the different attractors, the Crow also presented a significantly higher level of attractiveness (p < 0.05), thus rejecting H5. The interaction effect was related to the fact that the attention captured by the attractors inside the field of view of the user (goose and crow) is greatly increased when visible and audible at the same time.
DISCUSSION AND CONCLUSIONS
The results showed that the addition of attractors in the virtual environment is able to modify the user behavior when physically walking. The results of the mean head orientation while walking showed that the effect is stronger when the virtual attractor was easily localizable by the user (Audio + Visual attractor). Also, we have to notice that even in the absence of attractors users are slightly attracted towards the inside of the CAVE. In addition, we can observe the clear difference between the Audio Inside and Audio Outside conditions. "Good" attractors are able to drive the users' attention towards the inside of the cave while the "bad" attractors, in which the audio source was placed outside the cave, are not able to modify the user's behavior. This result is also supported by the subjective questionnaires.
Another interesting result was the fact that a difference in behavior appeared according the direction of the walk. A possible explanation for this behavior could be also the presence, by the missing wall, of other kinds of "Attractors" such as physical stimuli present in the lab space (hardware systems, a door, the operator).
